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(57) ABSTRACT 

A color-space conversion processor converts input digital 
image data into YUV color space, and a Wavelet conversion 
processor performs Wavelet conversion processing on the 
data. A face-area recognition processor extracts a face area in 
the image based on the obtained conversion coef?cients. A 
quantization processor performs quantization processing on 
the input conversion coef?cients While changing quantization 
coef?cients used in the quantization processing in and out of 
the extracted face area. A variable-length coding processor 
encodes the quantized coe?icients. A code synthesizing pro 
cessor synthesizes the obtained respective color component 
code data With information indicating the face area extracted 
by the face-area recognition processor, and outputs the syn 
thesized data as a code string. 
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IMAGE PROCESSING APPARATUS AND 
METHOD 

This application is a division of Application No. 09/466, 
907, ?led Dec. 20, 1999 now US. Pat. No 6,665,446. 

BACKGROUND OF THE INVENTION 

The present invention relates to an image processing appa 
ratus and method preferably applicable to a video communi 
cation apparatus in a video conference system or the like 
using video and audio data. 
As image compression methods used in video communi 

cation apparatuses, high-performance coding methods based 
on DCT (Discrete Cosine Transformation) as in the ITU-T 
Recommendations H.261, H263 and the like are Widely used. 
HoWever, in application to a narroW-bandWidth communica 
tion environment such as the Internet, as the coding amount 
must be greatly reduced With a high compression rate, a 
problem occurs due to degradation of image quality even in 
use of these high-performance compression coding methods. 

Accordingly, in a video conference system or the like, a 
method for satisfying subjective image quality has been 
developed. That is, in an obtained image of a person, a large 
coding amount is allotted to a face area Which is the most 
important part of the image, and the coding amounts in the 
other areas are greatly reduced, so as to reduce the total 
coding amount. For example, Japanese Published Unexam 
ined Patent Application No. Hei 7-203436 proposes a DCT 
based image compression device Which improves subjective 
image quality While suppressing the entire coding amount by 
recogniZing a face area, selecting a plurality of quantization 
tables based on the result of recognition, and allotting a large 
amount of code data to the most important face area. 

HoWever, in case of coding amount control based on each 
image area by using the conventional DCT-based coding 
method, remarkable block distortion and/or mosquito noise 
occurs in an area determined as a part other than an important 

part. Accordingly, the subjective image quality is seriously 
degraded, and a decoded image seems unnatural. Further, a 
pseudo outline occurs in the border betWeen an area deter 
mined as an important part and an area determined as a part 
other than the important part, and the obtained image seems 
further unnatural. 

To solve the above problems, loW-frequency ?ltering pro 
cessing can be performed on an area determined as a non-face 
area (unimportant part). That is, pre?ltering processing is 
performed to attenuate high frequency components in the 
unimportant part in advance, to suppress the coding amount 
in compression processing, and to reduce mosquito noise 
Which occurs due to quantiZation on the high frequency com 
ponents. 
On the other hand, the receiving side performs decompres 

sion processing on bitmapped code data to image data. Then, 
the image data decompressed by the decompression process 
ing is color-space ?ltered by post?ltering processing. In the 
post?ltering processing, removal processing is performed to 
remove block distortion Which is remarkable in a highly 
compressed image area determined as a non-face area, and 
adaptive ?ltering processing is performed to remove a pseudo 
outline occurs in the border betWeen face and non-face areas. 

As described above, When a quantiZation control function 
based on recognition of important area is added to a DCT 
based image coding method, to suppress subjective image 
degradation, various additional correction processing such as 
adaptive ?ltering processings are required. Accordingly, if 
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2 
such processings are realiZed by softWare, processing time 
increases. Further, if the processing are realiZed by hardWare, 
the circuit scale increases. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above-described problems, and has its object to realiZe 
high-performance image quantiZation maintaining high 
image quality by simple processing. 

Further, another object of the present invention is to realiZe 
high-performance image data compression maintaining high 
image quality by changing a quantiZation characteristic in a 
speci?c area extracted from an image and other areas. 

According to the present invention, the foregoing objects 
are attained by providing an image processing apparatus 
comprising: conversion means for converting input digital 
image data into coef?cients based on spatial frequencies to 
obtain conversion coef?cients; extraction means for extract 
ing a speci?c area in an image represented by the digital 
image data based on the conversion coef?cients; and quanti 
Zation means for performing quantiZation processing on the 
conversion coef?cients While changing a quantiZation char 
acteristic in accordance With the speci?c area extracted by the 
extraction means. 

Further, another object of the present invention is to attain 
high-speed speci?c-area extraction processing by extracting 
the speci?c area using a loW-frequency component image 
data resulted from Wavelet conversion processing. 

Further, another object of the present invention is to attain 
high-speed speci?c-area extraction processing by using 
image data thinned in accordance With a predetermined 
reduction rate to extract the speci?c area. 

Further, another object of the present invention is attain 
simpli?cation of processing by extracting an area having a 
predetermined siZe and a predetermined shape, as the speci?c 
area. 

Other features and advantages of the present invention Will 
be apparent from the folloWing description taken in conjunc 
tion With the accompanying draWings, in Which like reference 
characters designate the same name or similar parts through 
out the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention and, together With the description, 
serve to explain the principles of the invention. 

FIG. 1 is a block diagram shoWing the construction for 
image coding processing according to an embodiment of the 
present invention; 

FIG. 2 is a ?owchart shoWing the How of the image coding 
processing according to the embodiment; 

FIG. 3 is an explanatory vieW of subsampling processing; 
FIG. 4 is a block diagram shoWing the construction for 

image decoding processing according to the embodiment; 
FIG. 5 is a ?owchart shoWing the How of the image decod 

ing processing according to the embodiment; 
FIG. 6 is a block diagram shoWing an example of the 

construction of apparatus When principal processings accord 
ing to the embodiment are realiZed by softWare; 

FIG. 7 is a block diagram shoWing the construction of a 
face-area recognition processor 116 (FIG. 1); 
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FIGS. 8A and 8B are ?owcharts showing a processing 
procedure when the face-area recognition processor 116 
(FIGS. 1 and 7) is realized by software in the construction in 
FIG. 4; 

FIG. 9 is an explanatory view of pattern matching for face 
area detection according to the embodiment; 

FIG. 10 is an example of template scanning order accord 
ing to the embodiment; 

FIG. 11 is a block diagram showing the construction of a 
wavelet conversion processor; 

FIG. 12 is an explanatory view of wavelet conversion; 
FIG. 13 is a table showing quantization coe?icient values 

according to the embodiment; 
FIG. 14 is an explanatory view showing an example of 

image scanning upon Huffman coding in the embodiment; 
and 

FIGS. 15A and 15B are explanatory views of extraction 
processing for plural face areas. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the present invention will now 
be described in detail in accordance with the accompanying 
drawings. 

FIG. 1 is a block diagram showing the construction for 
image coding processing according to the embodiment of the 
present invention. FIG. 2 is a ?owchart showing the ?ow of 
the image coding processing according to the embodiment. 

In FIG. 1, reference numeral 111 denotes an image input 
unit which A/D converts an analog video signal obtained by a 
image sensing device, and outputs the converted signal as a 
digital image signal; 112, an image correction processor 
which performs desired processing of various correction pro 
cessings such as image-siZe format generation, noise removal 
and resolution correction (step S100 in FIG. 2); and 113, a 
color-space conversion processor which performs color 
space conversion processing on RGB digital image data as 
outputs from the image correction processor 112, to generate 
luminance and color difference signals, Y, U and V signals 
(step S101 in FIG. 2). The color-space conversion processor 
113 performs conversion by matrix calculation in accordance 
with, e.g., the following conversion equation (1): 

Note that R(I,J), G(I,J), B(I,J), Y(I,J), U(I,J) and V(I,J) 
respectively represent pixel value of coordinates (I,J). 

Numerals 114a and 11419 denote subsampling processors 
which perform subsampling processing on the color differ 
ence signals U and V obtained by the color-space conversion 
processor 113 (step S102 in FIG. 2). 

FIG. 3 is an explanatory view of the subsampling process 
ing. In the subsampling processor 114a and 11419 of the 
present embodiment, the U andV signals as color difference 
components are subsampled to 1/2 in both main-scanning 
direction and subscanning direction. More speci?cally, sub 
sampling data U' and V' of the U and V components are 
obtained by, e.g., the following equation (2): 

x:UorV... (2) 
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4 
The subsampling processing reduces the data amount of 

the color difference components to 1A with respect to the 
luminance signal. 
Numerals 11511 to 1150 denote wavelet conversion proces 

sors which respectively perform wavelet conversion process 
ing on the Y component and the subsampled U and V com 
ponents (step S103 in FIG. 2); and 116, a face-area 
recognition processor which recogniZes a face area of a per 
son in a read image, by utiliZing the conversion coef?cients of 
the luminance and color difference components obtained by 
the wavelet conversion processors 11511 to 1150 (step S104 in 
FIG. 2). 

Numerals 11711 to 1170 denote quantiZation processors 
which respectively perform quantiZation processing on the 
wavelet conversion coef?cients obtained by the wavelet con 
version processors 11511 to 1150 (step S105 in FIG. 2). The 
quantiZation processing is performed by selectively using a 
plurality of quantiZation tables based on the result of recog 
nition by the face-area recognition processor 116. More spe 
ci?cally, in an area determined as a face area, small quanti 
Zation coef?cients (quantiZation coef?cients with narrow 
quantiZation step widths) are used, and in other areas, large 
quantiZation coe?icients (quantiZation coef?cients with wide 
quantiZation step widths) are used. 

Numerals 11811 to 1180 denote variable-length coding pro 
cessors which scan the quantiZed conversion coef?cient 
arrays and perform entropy coding by the Huffman coding or 
the like (step S106 in FIG. 2); and 119, a code synthesiZing 
processor which formats the respective color component code 
data encoded by the variable-length coding processors 11811 
to 1180 and the result of processing by the face-area recog 
nition processor 116 into a predetermined frame (step S107 in 
FIG. 2). For example, the result obtained from l-frame image 
data is data-structuriZed in a particular order which is, e.g., 
various header information such as an image siZe, informa 
tion on the recognition result, a Y-component quantiZation 
table, Y-component code data, a U-component quantiZation 
table, U-component code data, a V-component quantiZation 
table, and V-component code data. The code string obtained 
by the above processing is transmitted onto a communication 
line by a general controller (not shown) and a communication 
controller (not shown) (step S108 in FIG. 2). 

Next, processing on the receiving side to receive the code 
string which was compressed, encoded and transmitted as 
described above, then decode and decompress the code string 
and perform image display will be described. FIG. 4 is a block 
diagram showing the construction for image decoding pro 
cessing according to the embodiment. FIG. 5 is a ?owchart 
showing the ?ow of the image decoding processing according 
to the embodiment. 

The code string transmitted onto the communication line is 
received by a general controller (not shown) and a commu 
nication controller (not shown) (step S200 in FIG. 5). 
Numeral 120 denotes a code separation processor which 
separates respective color code data and face area information 
from the code string in the predetermined format (step S201 
in FIG. 5). The face area information represents the result of 
above-described face area recognition by the face-area rec 
ognition processor 116. 

Numerals 12111 to 1210 denote variable-length decoding 
processors which decode the respective color component 
code data separated by the code separation processor 120 
(step S202 in FIG. 5); 12211 to 1220, inverse quantiZation 
processors which inverse-quantiZe the wavelet conversion 
coef?cients decoded by the variable-length decoding proces 
sors 12111 to 1210 (step S203 in FIG. 5). Note that upon 
inverse quantiZation, quantiZation coef?cients are selected in 
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accordance With the face area information separated by the 
code separation processor 120. That is, in each area, inverse 
quantization is performed With quantization coef?cients in 
the same quantization table as that used upon compression. 

Numerals 12311 to 1230 denote inverse Wavelet conversion 
processors Which perform inverse Wavelet conversion pro 
cessing on the Wavelet conversion coe?icients obtained by 
the inverse quantization processors 12211 to 1220 (step S204 
in FIG. 5); and 12411 and 124b, upsampling processors Which 
perform upsampling processing on the subsampled color dif 
ference components U and V, to generate U and V compo 
nents having the same number of pixels as that of the lumi 
nance component Y. In the upsampling processing, linear 
interpolation or the like is performed. Numeral 125 denotes a 
color-space conversion processor Which performs conversion 
processing on the luminance signal Y and the upsampled U 
and V signals into R, G and B signals (step S206 in FIG. 5). 
This conversion processing can be also made by simple 
matrix calculation or the like using the inverse conversion 
equation (1). Numeral 126 denotes an image display unit 
Which performs image display based on the generated R, G 
and B data on a display device (step S207 in FIG. 5). 

Next, detailed operations of the principal processors of the 
present embodiment Will be described. FIG. 6 is a block 
diagram shoWing an example of the apparatus construction 
When the principal processings according to the embodiment 
are realized by softWare. 

In FIG. 6, numeral 41 denotes an image input unit Which 
captures image data obtained by a CCD camera or the like and 
performs image correction processing (the processing by the 
image input unit 111 and the processing by the image correc 
tion processor 112 in FIG. 1) by hardware; and 42, a processor 
Which performs the principal processings in the present 
embodiment. The processor 42 performs various signal pro 
cessings (e.g., the respective processings shoWn in the ?oW 
chart of FIG. 5) by using a special-purpose media processor 
for multimedia signal processing, a DSP (Digital Signal Pro 
cessor) or the like (hereinafter, the processor Will be referred 
to as a “media processor” 42). Numeral 46 denotes a RAM 
(Random Access Memory) Which is used as a Work memory 
for operation of the media processor 42 and a buffer memory 
for various image data to be processed. The RAM 46 is 
realized by a high-speed large-capacity memory such as an 
SDRAM (Synchronous DRAM). 
Numeral 44 denotes a ROM (Read Only Memory) for 

storing a command program necessary for the operation of 
the media processor 42. The ROM 42 holds a command 
program to cause the media processor 42 to perform the 
image coding processing and image decoding processing 
described With reference to FIGS. 1 to 5. Numeral 43 denotes 
an image display unit Which serves as a display device or an 
interface for the display device, for performing display based 
on decoded image data or the like; and 45, a communication 
interface unit comprising a modem, a LAN interface and the 
like, for data communication With another terminal. The com 
pressed image data is transmitted onto a communication line 
or the like via the communication interface unit 45. 

FIG. 7 is a block diagram shoWing the construction of the 
face-area recognition processor 116 (FIG. 1). In the present 
embodiment, for the sake of simpli?cation of processing, face 
area recognition is made by modeling a face area of a person 
into an elliptic area and searching a ?esh-color elliptic area. 
This modeling facilitates pattern matching and further greatly 
reduces the amount of information upon transmission of area 
information. Further, in the present embodiment, the amount 
of search processing necessary for recognition can be greatly 
reduced by utilizing the Wavelet conversion coe?icients of a 
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6 
loWest frequency component regarding subsampledUV com 
ponents. Further, additional preprocessing such as noise 
removal is unnecessary by utilizing the loW-frequency com 
ponent data. Generally, noise is a high-frequency component, 
and in the loWest frequency component data handled in the 
present embodiment, high-frequency components are 
removed. Further, in the present embodiment, the size of the 
elliptic area is ?xed so as to realize higher speed processing. 

In FIG. 7, numeral 51 denotes a ?esh-color area detection 
processor Which detects a ?esh color area by comprising the 
loWest frequency component of the Wavelet conversion coef 
?cients for the U and V signals With a predetermined thresh 
old value. The ?esh-color area detection processor 51 gener 
ates a binary image bitmap regarding the result of detection. 
Numeral 52 denotes an elliptic-area search processor Which 
performs search processing to ?nd an elliptic area by per 
forming pattern matching betWeen the binary image bitmap 
representing the ?esh color area generated by the ?esh-color 
area detection processor 51 and predetermined elliptic tem 
plate data. 

FIG. 8A is a ?owchart shoWing a processing procedure 
When the face-area recognition processor 116 (FIGS. 1 and 7) 
is realized by softWare in the construction in FIG. [6]4. In this 
?gure, processing at steps S602 to S608 represents processing 
by the ?esh-color detection processor 51; and processing at 
steps S609 to S613, processing by the elliptic-area search 
processor 52. 

First, at step S601, initialization is performed on various 
parameters. Next, at step S602, among the Wavelet conversion 
coe?icients for the color difference components U and V 
stored in the RAM 46 used as a buffer memory, data of the 
loWest frequency component is obtained. At step S603, it is 
determined Whether or not the obtained conversion coe?i 
cient value Ui,j (ij: pixel position) resides betWeen a prede 
termined threshold values T UL and T UH. If the U component 
value resides betWeen these tWo threshold values, further, it is 
determined at step S604 Whether or not the conversion coef 
?cient value Vi,j of the V component is betWeen predeter 
mined threshold values TVL and TVH. If the V component 
resides Within these tWo threshold values, the pixel value Ii,j 
of the binary image bitmap is set to 1 at step S605. 

That is, it is determined that a pixel, Where both U and V 
components reside Within the predetermined threshold range, 
represents a ?esh color, and the pixel value Ii,j corresponding 
to the pixel is set to 1. OtherWise (NO at any ofsteps S603 and 
S604), the pixel value Ii,j is set to 0 at step S606 (i.e., it is 
determined that the pixel does not represent the ?esh color). 
At step S607, the pixel value set as above is stored into the 
RAM 46 used as a buffer memory. The above processing is 
performed on all the conversion coe?icients of the loWest 
frequency component in the entire image area (step S608). 

In this manner, a binary image bitmap representing pixels 
having U component Within the range T UL-T UH and V com 
ponent Within the range TVL-T VH, i.e., pixels having the ?esh 
color, is obtained. Then, search processing to detect a face 
area is performed based on the obtained binary image bitmap. 

First, at step S609, pattern matching betWeen a template for 
determination and the above-described image bitmap 
obtained by the ?esh-color area detection processor 51. More 
speci?cally, the template is overlaid on the binary image 
bitmap generated at steps S602 to S608, and in an overlap 
portion betWeen the template and the bitmap, the number Pi, j 
of pixels having pixel values corresponding therebetWeen is 
calculated. 

FIG. 9 is an explanatory vieW of pattern matching for face 
area detection according to the embodiment. In FIG. 9, 
numeral 71 denotes the binary image bitmap obtained by the 
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?esh-color area detection processor 51; and 72, a determina 
tion template for determination in pattern matching. At step 
S609, the determination template 72 is placed on the binary 
image bitmap 71, and in an area Where the determination 
template 72 overlaps With the binary image bitmap 71, the 
number Pi,j of pixels With pixel values corresponding 
betWeen the template and the bitmap is counted. Note that 
alphabets i and j are coordinate values representing the central 
position of the template on the binary image bitmap. 

Next, at step S610, the calculated number Pi,j of corre 
sponding pixels is compared With a maximum value (Pmax) 
of the corresponding pixels at that time (the initial value of the 
Pmax is set to “0” at step S601). Then, if the number Pi,j is 
over the value Pmax, the value Pmax is updated With the value 
of the number P,j at step S611. At this time, the values of 
coordinates (i,j) are also held. 
At step S612, the central coordinates (i,j) of the determi 

nation template 72 are changed, and the above processing at 
steps S609 to S612 is repeated until the template is moved 
through entire search image (step S613). When the template 
has been moved through the entire search range, the process 
proceeds to step S614. The coordinate values held at this time 
are the central coordinates of the face area. That is, in this 
case, the central coordinates of an area With the greatest 
number of corresponding pixels in the entire search area are 
selected. 

Note that in the face area determination, it may be arranged 
such that determination is performed on the central area of the 
image prior to other areas. The method of such face area 
determination Will be described With reference to FIG. 10 and 
FIG. 8B. 

FIG. 10 is an example of template scanning order accord 
ing to the embodiment. In FIG. 10, a spiral-formed arroW 
represents the tail of movement of the template central coor 
dinates (i,j) Which sequentially moves from the center of the 
image toWard the peripheral portion. That is, at step S612, 
coordinate values (i,j) necessary for execution of scanning as 
shoWn in FIG. 10 are generated. 

FIG. 8B is a ?owchart shoWing the face area search pro 
cessing in a case Where the face area detection is made from 
a predetermined portion (if the template is moved as shoWn in 
FIG. 10, the predetermined portion is around the center of the 
image) prior to other portions. The ?owchart of FIG. 8B 
shoWs a part of the processing corresponding to steps S609 to 
S614. Note that Pth is set to a predetermined value. At step 
S609, the above-described pattern matching is performed, 
and the number Pi,j is obtained. Then, at step S620, if it is 
determined that Pi, j >Pth holds, the search is terminated at that 
time (and the process proceeds to step S614), and the coor 
dinate values at that point become the center of the face area. 
In a video conference system or the like, generally, a face area 
is positioned at the center of an image, therefore, this scan 
ning method easily reduces the frequency of occurrence of 
erroneous determination. Additionally, When a portion over 
the value Pth is found, the search can be terminated and it is 
not necessary to perform the search in the entire search area. 
Therefore, the processing speed is enhanced. 

Note that in the processing in FIG. 8B, if any portion over 
the value Pth is not found in the entire search range, a position 
(i,j) having the maximum Pi,j in the search range is selected. 

Further, as a method to start the search ?rst from a position 
near the center of the image, it may be arranged such that in 
the entire search area, areas having values Within the range of 
Pmax :0. are held, and a position closest to the central portion 
is selected from a portion near the central portion based on the 
areas held at step S614. 

20 

25 

40 

45 

50 

55 

60 

65 

8 
As described above, by performing pattern matching While 

scanning the determination template 72 over the entire search 
range on the binary image bitmap 71, the coordinates (i,j) 
having the maximum Pi,j are obtained (step S613). Then, the 
obtained coordinates (i,j) are outputted as the central coordi 
nates of the face area (step S614). Note that the size and shape 
of the face area represented by the face area information 
correspond With the ellipse of the determination template 72. 
The above-described processing realizes face-area recog 

nition processing With a simple method, and as a result of face 
area recognition, central coordinates c(i,j) of the ellipse are 
obtained. Note that more precise face area recognition can be 
performed by repeating the above processing While changing 
the radius of the ellipse. In this case, templates having plural 
radii are prepared in advance, and the above-described pro 
cessing at steps S609 to S613 is repeated using the various 
templates. 

Next, the Wavelet conversion processors 11511 to 1150 Will 
be described. FIG. 11 is a block diagram shoWing the con 
struction of a Wavelet conversion processor. The Wavelet con 
version processors 11511 to 1150 perform Wavelet conversion 
processing by, e.g., a ?lter bank as shoWn in FIG. 11. 

In FIG. 11, numerals 91a to 911' denote high-pass ?lters 
(HPF); and 92a to 921', loW-pass ?lters (LPF). The ?lters 
perform ?ltering processing using predetermined coef? 
cients. Numerals 93a to 93r denote 1/2 doWnsamplers Which 
perform 1/2 scale thinning processing on ?ltered data. Various 
?lter coef?cients are proposed for Wavelet conversion, and 
any of conversion coef?cients can be applied to the present 
embodiment. For example, in the ISO standard MPEG-4 
method, ?lters With the folloWing coef?cients are studied: 

LPF {0.03314563036812, —0.06629l26073624, 
—0.l7677669529665, 0.41984465132952, 
0.99436891104360, 0.41984465132952, 
—0.l7677669529665, —0.06629l26073624, 
0.033145630365512}; HPG 
{-0.35355339059327, 0.707106755118655, 
—0.353553399059327} (3) 

More speci?cally, various conversion coe?icients HHO to 
LL2 are obtained by sequentially performing processing in 
accordance With the structure of the ?lter bank as shoWn in 
FIG. 11 by using an FIR ?lter having coef?cients as repre 
sented by the expression (3). 

FIG. 12 is an explanatory vieW of Wavelet conversion. 
Numeral 101 denotes an original image before conversion; 
and 102, conversion coef?cients obtained by the conversion. 
Numerals HHO to LL2 in FIG. 11 correspond to various 
frequency components HHO to LL2 in FIG. 12. The LL2 
component is conversion coef?cient data for the loWest fre 
quency component Which includes a large amount of macro 
information of the original image. The number of pixels of 
this data is small. In the present embodiment, the face area 
recognition is made by utilizing the LL2 components of the U 
andV components (step S602 in FIG. 8A). 

Next, quantization processors 11711 to 1170 Will be 
described. The quantization processor 117a performs quan 
tization processing on the various conversion coef?cients 
obtained by the Wavelet conversion processing. FIG. 13 is a 
table shoWing quantization coe?icient values according to the 
embodiment. In the present embodiment, for the sake of 
simplicity, simple quantization processing is performed. As 
shoWn in FIG. 13, quantization coef?cient values are respec 
tively determined for the components HHO to LL2 of the 
respective conversion coe?icients, and greater quantization 
coef?cients are determined for the high frequency compo 
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nents. The quantization using these quantization coef?cients 
increases the coding e?iciency While suppressing degrada 
tion of visual image quality. 

Further, in the present embodiment, in accordance With the 
result of face area recognition, the quantization coef?cients 
for the conversion coe?icients, other than the loWest fre 
quency component (LL2) and positioned out of the elliptic 
area, have values greater than those of the quantization coef 
?cients for the conversion coe?icients positioned Within the 
elliptic area, as shoWn in FIG. 13. For example, for the face 
area With the component LH2, the quantization Width is set as 
Q><2; for the other areas than the LH2 face area, the quanti 
zation Width is set as Q><8. In this arrangement, many of the 
conversion coef?cients for the high frequency components 
out of the face area are quantized to 0. Accordingly, the 
coding amount can be greatly reduced Without causing seri 
ous degradation of subjective image quality. 

Further, as the quantization processing according to the 
present embodiment is performed on the entire image area, at 
once, even in use of large quantization coe?icients, block 
distortion or mosquito noise Which occurs by DCT-based 
coding processing in block units does not occur in principle. 
Accordingly, even in a case Where very large quantization 
coef?cients are used in quantization for the high frequency 
components in an area other than a face area, the area is 
visually sensed as an image With loW spatial frequency. Thus, 
generation of extremely unnatural image can be avoided. 

Further, as shoWn in FIG. 13, even in a simple method of 
changing tWo quantization coe?icients for the inside or out 
side of the face area, no problem occurs since the pseudo 
outline of the image caused by the difference betWeen the 
quantization coe?icients is smoothed by the inverse conver 
sion ?ltering upon decoding. 

Next, the variable-length coding processors 11811 to 1180 
Will be described. The variable-length coding processors 
11811 to 1180 scan and Huffman-encode the conversion coef 
?cients quantized by the quantization processors 11711 to 
1170. FIG. 14 is an explanatory vieW shoWing an example of 
image scanning upon Huffman coding in the present embodi 
ment. The image data is scanned and Huffman-encoded in the 
order represented by an arroW. As many of the conversion 
coef?cients determined as coef?cients out of the face area 
based on the result of face area recognition are 0, the coding 
amount is greatly reduced. 
As described above, adaptive quantization based on the 

result of face area recognition is performed on the respective 
color components, and obtained code data are synthesized in 
a predetermined frame format by the code synthesizing pro 
cessor 119. Further, at the same time, the central coordinates 
and radius information and the like of the elliptic area indi 
cating the result of face area recognition are converted in the 
frame format by the code synthesizing processor 119. Such 
face area information is included in e. g. header information of 
code data string and transmitted. In the present embodiment, 
as a face area is modeled as an ellipse, the amount of trans 
mitted information is very small, Which almost does not in?u 
ence the coding amount. 
On the other hand, on the receiving side, as described in 

FIGS. 4 and 5, the code separation processor 120 separates 
the information indicative of face area (face area information) 
and the respective color component code data from the 
received data. The variable-length decoding processors 12111 
to 1210 decode the Huffman-coded data, to reproduce the 
quantized conversion coe?icient values. The inverse quanti 
zation processors 12211 to 1220 select the quantization tables 
in inverse quantization by utilizing the face area information, 
and inverse-quantize the decoded conversion coef?cients 
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10 
With the same coef?cients as those used in quantization. 
Then, normal Wavelet inverse conversion processing is per 
formed on the inverse-quantized Wavelet conversion coef? 
cients, so as to generate image data. The image data is used for 
display on the image display unit in accordance With neces 
sity. 
As described above, according to the present embodiment, 

even in control on quantization coef?cients by utilizing the 
result of face area recognition, image quality of other areas 
than a face area is not seriously degraded, and the border 
betWeen the face and non-face areas is not unnatural. Further, 
even if the precision of face area recognition is not suf?ciently 
high, the probability of generation of extremely unnatural 
image is loW. Accordingly, high-performance image com 
pression can be realized by the processing according to the 
present embodiment combined With a simple area recognition 
technique, Without special ?lter and the like Which are con 
ventionally necessary for correction. Thus the high-perfor 
mance image compression can be easily realized by softWare 
using a media processor or the like. 

Further, the present embodiment provides a high-quality 
and high-performance coding device applicable to a device 
Which mainly transmits images of persons in a video confer 
ence or the like, With a simple construction. 

Note that in the present embodiment, the simple template 
matching has been described as the face area recognition 
method, hoWever, the present invention is not limited to this 
method, but any other more sturdy method utilizing genetic 
algorithm, a neural netWork or the like, can be used. 

Further, in the present embodiment, the face area recogni 
tion is made With Wavelet conversion coef?cients of the U and 
V components, hoWever, determination may be made by uti 
lizing the conversion coef?cients of the Y conversion coef? 
cients. 

Further, in the present embodiment, the face area is mod 
eled into an elliptic area for recognition processing, hoWever, 
the face area may be modeled into a more complicated shape 
for more precise face area recognition. 

It should be noted that, in case Where face area is modeled 
into an elliptic area, the face area can be represented by using 
parameters (major axis, minor axis and center position). 
Therefore, information amount can be reduced in comparison 
With case Where the face area is represented by bit-map data. 

Further, in the present embodiment, in the method for ?esh 
color detection by the face-area recognition processor, the 
simple method of comparing the respective U and V color 
component values With tWo threshold values (steps S603 and 
S604 in FIG. SA) has been described for high-speed and 
simple processing, hoWever, the present invention is not lim 
ited to this method. Any other color space and method may be 
used for more precise determination. 

Further, in the present embodiment, the method for detect 
ing a single face area has been described, hoWever, the present 
invention is not limited to this method. Detection of a plural 
ity of face areas, and quantization control on a plurality of 
areas based on the result of recognition may be performed. In 
this case, the value Pi, j greater than a predetermined value and 
its coordinate value (i,j) are held, and if tWo areas are aWay 
from each other by a predetermined distance or longer in 
vertical and horizontal directions, these areas are determined 
as independent face areas. For example, in FIG. 15A, as the 
distances A and B betWeen tWo areas are shorter than a pre 
determined value, the areas are not determined as indepen 
dent face areas. In this case, one of the areas having greater 
Pi,j value is determined as a face area. On the other hand, in 






